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It iS Sltowrt that tlit • dvn:unt:stl halo nu,drl offers: it natural ex I,I.ul.ttion

for the tortn of the variation of the ctmtsic - rav path Ivnkth with . IWv V.

The variation above	 I t7rv/nuclvott Can he . un.tcrrctood as: ,Ittt • to thr vttri.tt i.•n

of the dtffustoll Coo ftcicrtt. .utd hence, the rr+ide•nt tinu • , with vitergv.	 I'hc

tIat ten ing of thv curve below 1 Go\' mwIeon is st-on to nutrk it tranxttton

to it cottvectiou tlontinatod rt • ginu • whore tht • kit ffttaiotn coefficient is n,+ 1011t;4•1'

the detet7nlnittt har.unettr.	 A f1t to the ohs:ervattons Ylelds: a halo outflut.

vel oc t t y o f K Lut sve -1 .	 AI  at t t, 11111 	I  ttutde to det t • rill int' the o v v r i t 	 sc.t l e

of the halo and tit.- ,lit ttu:lon coei i te low a >:tng recent lit he• flux nu^: ► :ut'o-

qu • ntrc but the datit do not agret e, wel! enottt;h to }tilt down thest , vat'i.thlvs:

to within lv.;s than four or fivo order; of nuignitude.
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I .	 Iu 1 - Otltll' t io-11

It	 11.1:: I , vvil I t , Itg kilt` WII f ll.lt Cosmic rt1V4,y t ravv I	 1 t114 1 114;11 S-h 1;111 t , In

of fill , I --tvI fill - Ill.1ltvr l`rl,'I-l` t t Nia1 1 h4l. ICom t!It` gal:IX\'.	 111 1114 • last	 14,w

Year .,, h,,wt`\•t`r.	 It	 11.1:; l4`1'ttme t`\• idt'llt	 t11.tt	 tlit , t111► '1111t	 t'1	 1111114,1

t t - :Ivertit `ll, 1'C gralllmap.t`, i t4 II,`t con-;t Ili( I` it	 is 4'ltt • i gv 4lt'14'i1 , 14,1i1 .	 Abov4,

1 (a``t l+t` r nu lo.-mi the 111can I4, . 1k: ge path 111`l`om.-; tU 414 ' il'l`:Itlt Wit 11 ent `1"t`\•

41 .4 P. tl' 014' , t` lt' ,:().1-0.S (.1111ilv;s,n 4,t :11. 147.; smith rt at 1971).

lit , I,lw, I GeV per 1111,'It`t 4 11 t114 1 4'Vitlel11't` it; -wilit, 01 . 1t mw Ival I`llt is stilt`

It'i tuws !'n4, : : .It (vnt it'll ,`11 t he :11 1111.1 . 111,'1` rat t,`t • of	 t Ilo : lt` IIIICl4` i t hat art.

I tl ` t wvvd t o h4, purt.`ty : ; t`i, t il4l . l1 - v t 	 tilt` l':Irt ` llt 1111t'1t`{ II It , ir i:; 4,\• ill4 .11 i t`

111.1 t t lit` tnvatl 14`:11`:1 1,4, lim it Is .1 , onnt ;lltt ,., ti - h kill 4,m	 I ll i t; 4,\ • i til`nct,

tN tlttt rt'nt' I ►u;{v4,, hiWr \'l• 4,". :Intl vaCtltilN aut hors have ,Ht Ivi'{ n l; t'l` t n i,'n:;

r4, 1 ..Ir,lttt l; thin. lit. lt t, r 1,( l row.; .Ili 1Frei4,1	 !U78; 1.4 • :niak mid Wrl+oi 11)18;

Font 4,:. t t all	 0 ' I ) .	 For t L4, 11%4,:;wilt :t' Aml I .1do't t h4, v i 4,W t flat t lit`

lil.lt'I`t'll,l.lll.'t'	 (tit' Lcak tlt'1)`ll,l.11it't`)	 ,`1	 t lit` 4,,` : ;111{1- 1.1\'	 I; r. 1111111.11;4, 	 I4`lt'W .l	 1 4, 1:

(,IN i:; vv4, , I. 	 VOL . (.,IIowin l; t1 {:alCtiNtoll limst Ihort'It'r4, l4` r4, 1,ar,14,,t .i:;

It'111.11 ivtt and :;IlHoct	 to	 lilttht'I - 	ill \'4,: ;1 i 1;al it'll , 4 t	 1114 , t t h:;l`i - vat {,`11.11

it u,lt It'll..

Iht' lwlla 'iI l i 1'1	 t lit' ilwml Ic.Il,ala` 1`.1t ll .11`,`\'4'	 I	 k:ov Itt`1' 1111, • I4,,`ll	 Ito

114; 1:11 I v tl i ,t*Il:;:;4'41 W i t h i n t 114, t r:l;nt`Woult t'1 I lio "I4,.11,v 14 4 X 4 1114`4It • I W I t 11 an

t 1 :1C.114` l i t-olial` i I it v t hat	 wh et va!;vs w it h 4,114,t I;\'	 ilit-	 Intl:;t t 114 • ,`1 Il`: ; 	`1

Chargod I t;irt It • It , 11uo l , ;Igat It 	 I:; slit; 1.%It`t-4,,I 111.t^',tl:`i it' 1 it`It1:; l'r4,,11, (	 1

ll it tut; 4,kill	 I t it 14 , 11t	 t 11.11	 tLlcI	 .1;:r:: w i t 11 part i i It' 4,nrrl;v	 (:;t l 4,,'t 1 \

.wio.iklnl;. ril;itIit y) : ► n onrr1;\ C14 , 11004 . 1'. , 4,";1. 41110 11l- ttl`.11`iIity, t'r r,Iniva-

IontIv,	 re:.i,It'llt't` t1111t'	 1	 tot tit , 4,XIt4,t'ct•,I.

1'4,1 4,X.nr1' 10, to flit` ,'a: ; 4, of Rinll'10, .'n4, tii 1114,n:: iollaI ,1i11 %I!, itill in a

14 1, {, , 11 ti t	 I II1t'.1r N{: 4, It t 1 alt all 1 - t`:;itlt'11 . 't	 t Nit` for 1 1 -11 - t ii 10!- 1A t	 l4, Ih

1: 114'1 t	 t11" AtIIU. ;it i
ll 4',`4,t1 ii{4,111 .
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'111e mein ditficulty with such it m11del 1!1 its inability to

I lit • rt • lat the in.lependence of tht• meats path lengt h till energy for part it , It,,;

below — 1 GeWnuclvotl. i'11ere is no reason to expect the diffusion

cot , tt it , Iont to exl ► III tt t11i ., Iichav it, r therefore some add it tonal Iitgredient

tr: required.,	 In this tiote 1 !111;111 Jemow;trate that Lilt , concelit of it

dynamic. , I. outward flowing galactt y 11.1111 can ,tllthly this lilt ,!iIng

i u; •, red i en[ .

I

The notion that .i tentnl^ lialo about otit ! ,,.tlaxv could have it

Itrofund etfect till the oh: erved propert it'!. tit cosmic rays is cert.iinly

110t it 110"w kill( , 	(:+et•, for example, tilt' rvfvrenceR I11 Stecker and .lont,:t

1977. )	 Ilittil recent Iv, 1lowevet • , tilt' IiaIt, has been regarded .ir; i1 stat is

tlltfitsI III voIumv that ;1: • tt'tl t`11 1y as it p- 1 " !, t \'e ht11Ti1% .' o rve.Ion where cotill!It'

rays could spend .; I•,it.1t port fon of their lifetimt • !. without ttncotultt•r1n ►;

very nittcll mat ter I t Is now appreciated that it the 1:6lt ertal of tit, , 11.1 lo

I-. moving it .-.lit c.lrry the cosmic rays with it and this ctinuecLive mot tell

ran signtti" lilt ly attest observed tetrameter:: of the cosmit • ra y s (.lokipii

197b, Owner and Iokipii 1977,, b). As we :-IialI now soo g ilt , of the parameters

that can he .lftected is tilt' meals path ler1,'• th tlavet• ^:ed by the roNlIlic r.1ys

In the ensuing; discussion we ,lialI coneider :1 high1v stripl it' fed

model of (lit , galaxy. file disk of the "'.11axv that • ttntain!; the cosmic

ra y s11urct-, mid all of the matter that contributes to theer grallumv,e

will lie rel • ['e:;entcd by .ul int flit tvstimilly thin tti::k of tilt illite extent.

The halo will e:ttend in the \ .lit'eetion, perpotidicular to the disk, to

an outer free u!wape boundat v -it S - 4D., The out t low its the halo wi 11

be repre::onted by a cosnitc-rav totivection velocity, V tit the post'.ive

direct itin for po-:itivc \ antl tit 	 \ direct ton for ne;;at ive S,

i

r

t

I

ti

1
1



^. R	 1Y	 F-

IN

	 t	 1 .1*:'i

li

—3—

1'ttl:: model I" nehem.tt Rally tl lust lat etl it fi.;urt• 1	 1'lle ulatlel

im highl y nimpl it it • .i to that it ignores a"v variation of rommte-ra\

production, or galact ic paramet er s over t he tlI::lt of t he galaxy. There

is e y itient • e, however, that cosmic rav:: .la not travel About the diskk 1 ar

tiisit:nta'as Mich gre:{ tet tll.m 1 l t •t • tlut'tIW their IIlot We (stet • Let anti

Jones 1477, l t riten and Freter 1 11 7$ 1 theretort • one t.t • ttltl t e xt t't that a

local, t o ne- ti illienx iona l 11► 'tle l wou l tl I s e a Ya`:INall.{l` l t l t • 1're'+ellt at ton of

reality. Me disregard of the disk Components MO.O. thiel.nt • •••: as well

as possible sari sc ions of the convect We velocit y with X are tilote sel luau::

omissions.	 It to expected, nevertheless:, that results. Obtained with this

mla.le i w i l l aot d i l l t'i too set iau ' : 1\ t t om A~ obtained 1 rom 111,1 t'

Jot {ilea( models.

In exam!ni"g this pallieular model .tal.il • t: k1 1170) -Olo t`d that the

t:le:lll . 1 ►(t• ta t t ltc	 t ' t"•tNlt . t.1\'.. Ill.lt	 are ai • Frrvt` tl 	 in tilt' dirk t1e14`lltit:	 tglttt i-

ca"l lv on the si:e of the .limennlonles, parameter \ - VVJ K. 	1'his parameter

be ingng e. sent is l 1 v the ratio of the convective velontv to the diffusion

vt deit y , is a tltt ,sure of tht' tmpol t.t11t ' t • at the out\ a i d convect ion..

,lan i l' i I showed t hat t he mean age or res: itlt'nev t (lilt • of t he c omn i e-ray

part icles observeA Ill tilt • Ask app roached the limiting ltat'ms:

'- A /3K, X ^. l	 i l l

T K/Y 2 • X ?:

F.yu.lt ion k1 N in what ant • t:au1,1 t • \pe t tar a simple .liltustall Pieture

w'1wn convect  ion Is utl import a "t .	 Fquat loll ( .a) shown, however, that when

t'a11\'t • t't it'll dollllll. lt e:: t 11t • 1111'.111 aA0 he y oft1CH ttl.1011elltle111 al 	 t he n %.'t'  al t he

.. • ut:lltunent t,•lurte..
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i 
II'ltg present uut lit) r (Jones 1978) );. ► ve it ti[n ►pIt, expl,utatton of t ►► is result

in terms of the "effective size" of the containment volume, D 	 Che

concept of the et feetive size is readily understood if one considers

I
a particle that finds it--,elf a dist911ce x out in the exp:uutttt t; halo.,

i It will take t.ltis particle it time of order t - x 2 /K to diffuse back to

^
44
	 the dirk. During; this time convection will :arty it a distatice outw.trd

I	 12equal to VT - Vx /K..	 if this is greater than the original dist.utce

1
	 it had to diffuse to return it Is very unlikely to n ►► ke it hack.	 lit

other words if

r

	

	
Vx- > x	 (3)K

x>Vez1)	 (4)

the particle is effectively lost from the rent:tirnnent voLune insotar

Observations in the disk are concerned

Furthemore, using the concept of rot rod ict ive probab i 1 l tv (Jones

1978) i.t its possible to show that those particles that are observed in

the disk have ,pent their entire past history confined to a volume

characterized by D rather than D,, Of course, lit the case 1) N) (\.,l)

the actual boundary of the volunne prevails and 1) has tit , partit•ular-

	itificance.	 It is t traightforward to verify that substitution of D

for D in equation (1) yields equation (2) (to within a constant factor)

showing; that 1) is indeed the physically relevant confinement, kale

whenever it ir: smaller than D„

Turning our attention to the mean path length traversed by the

observed cosmic rays it is evident that	 i

	

vpT	 (5)	 i

1	 ;	 i_.-_-1 _^,,,►_^^  ̂mow►•-^,,,_ ^	 ^	 -
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where ( is the mv.111 path l,`n^ th t p	 thr n1a`.In %fitter ,t,`t1Nit\• seen I-,

the cosmic ra y s, r t11N ala`:Itl age of the :.` y ni ► ray s mum \• i s the -t pa`t`d of thr

particles.	 If ttic t ittt`r ill tlla` disk im of .ia`itsit\' ^ mid co n t ill a`d to

.1 disk of halt t1lickIl% 1 :::: .1 tht • :,`ani: t'a \'!I t ,',`litina`t{ to .1 \• ,`lUmt` o1 Malt

thickness P' w l 11 st`,` .1 :na`.ul nut t or .lens it \•

khl

l'it- mv.III 1it,`tl;ne t' gi\e1t ht ey1t.1[io11 111 using : 	 tu::t^`.Itt ,`t 11

wtivret D' will I , e either 1) or 'D whi:hrrer is irpropri.itc, Comt`inin^;

e,lll.l t iolls k 51 ,	 ^ •. l .1;1,1 (1) we " I` t .ti lt

4C- 1 v^',la T /^	 1'1

We Kee ll,`w th.1t it K ill Urge ,`n, u,;h such that	 :In,i

1)R N ll a h' sha`ul,t ht• rerl.lcod by r and the wall path 14 . 11Cth \'.11-it`t:

im• er.el\• .LA A,	 It \ is sma' 1, t`notitt l tor %, om , `t'tion to ,iotliin.i(,`.

h,`w, VOU . \NNl .Itld l) ' shml l,{ !`t` rep ..tc od by d	̂ t he nk • .tll rtattl

l 0ligLit is givell

l - ^ 1r ` ,^a ^^
	 kSl

34d i:: in,it`pon,{, •nt of :..	 if the part 1: 1 eti .t:-,` ^:t 111

theca, ollt • rftles ` U; imtopen,tt`llt of a`Sta ` rg v .'1itw t` \' Z l' t7Uf	 or non

rl • lat i\• 1 1t is part iclt•s .In ,`n,`r.;v der.`11,tt`r, • t` will ,`ntht • 	 r, n*h tht`

parti:le \• t`l,`: it\• v.
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tl , d
Me	 ar,ltmel:t.	 ITt` iLOt i t'a`i. i :t` .L'1.{ t urt llt`rnttCe Cht`^'

11t`g 1.et't t!:,` 0 •. t,`0 t 0  tht` :X^.111,{ inh ha l,` on t!l,` I`.Irt 1,':t ` 1" i'nt`rbty.

Zin„` wt` .Ira' int,`rosco,{ in t^l,` ,`lla`S',;^' .{t`l`,`1:,{,`ll^t` .`t 	 :tlt` Tt`ralltl it i$
I	 I

il'lr,`YZ -ill C na1L Co lle.lt`k, 	en. .`ro; , 	 in tha` 3,`1-:\'.lti:11	 A t.vrt`	 .`rroc,

I	
I	

+^.r^,=,^?t^/"+^ ►s.. .^	
i	 1	 .. _.-.^-	 • ^ j '1, .s 1 „1e 1^,r,^ ---^ j ^ ^:-,,,r
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proe'e,lure is to xol\•e t!le' equation for the „ e smi:-r.l y particle .tensity
'	 F

y(t.re t.T)

1
e

wlle`Ce^ 1 is the` path :e ngthe T is the ;,article kine't l: ellerti\• .inn

S is the smir:e term that .te e scribes the particle injoetion. Fgtiation (9)
e^

difters from the one er.iplove d by Jokip ii ( 1 ,1710 onl y in the .l.1,11ti,nl of

i	 the torm „e^scrihLl ►; the chan g e in ,.tih length.

A'At we desire t; a ;:te •. t.i': stat,' solution of egiiatlon ( A)	 A

comp : e'tel'' etle'f :11 solution would !,e' quite d ifficult to o b t a in `Ne c auye'

!	 the	 of the p.lt h len ►; t!i .tl:. i ,infusion ter:!,,:: .Ire enerti\

1011 vildent he`n,'e` the equation is not sep.tra hle•	 Howeye-, if we as.it my

I.
t!iat the ;I rt :aar\' ever ;\' d e potld ence o f the solution is .tile	 l strongl.v

y .11 - \'ing in.'ection orm, eg. .ill invorNe` power lab'. we :mv ignore the

ener'7v .leie endvll%ee' ,'t these 'Jelff is ivnts to obtain a roason.!n.eipproxi:-hatei
ye"1ut toll,

If we adopt the

111,16 kx)

x

'kx,	 3 3(x)6(t)T Y

1

we , ,S tain the • ^.^lutton to equati.'ll k4) with	 )t	 tl

	

!	 i
whorc the ^tr,t:i path length is

• ^• ^1 +^ 1̂-its	.•xpi-^'^

(10)

(11)

(1.)

(13)

tl.^l
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If wv adopt for tho tliffurlit'll Cott I t icit ' nt K the tot'nt

K - K00 R
112
	 (IS)

whort • 0 o v/C :roll 1: is the p,trt tole rigidity, wt- ohtaln mt expression

for < as it function of rigidity;

RO1/ 2

y R	 ( )

l +	 t.Xp	 -°	 )l
3	

d Rl/:

In tit;u n, " wt' ;Iitiw a COmitii -it ion tit ti.lt.t ltfter Urines it lid

Frc i er (1 0 78) mid i t it of express itnts (1b) wht • t a ws' 11,1vo c hosell the

li arrt tit rt t'r-4

l. t	po11C A, - 20gm cm `

R 112	
VI) /K 	 t :` (t;V)1/2.

tr	 o

We il.lve alKti showii tiit* oItect of itic Iittling 21 ret.lrtling lit) I011tLai

r"	 220 Me\' /nuc at t A.U. to il l proxtrute the effects of solal- 1110dulation.

111t' ., .I It[,- of	 - 220 McWntieleon was follrl,l hV t:arcia-"tuns ► : et al.. (147741)

to heat oi'Avr tlieir i1it,t ' tit cosmic -ra y 001111 1 0a1L it'll
t

Choosing 2poit to ht • 5.16 M0 l i e	 in the local galactic region,

ttl - lt1 lilie f (la i rtlt t ll anti l t ll! t Vll i 1 tl i tt ) wt' tilitil it, V - 8 kill tier' -1 for t ht'

halo ti tlt tlow N. "loc ity 	 This Velocit y . while not lai'1',t' t ll.it kill serv.tlile

cttct'tr,	 For if the prvsent intorprvtat ion is correct it is rv spoti ::il,le

for the turn over at low ri l,itlities of tht' t • urve of Cosmic-r.ly p.lth

length vorsits ri^;istitV.

3. The Ms'an Cosmic-lt.iv Av

l:t • i:1a y .t 1 szo tict erinine th.lt t ht' ratio

i

htt	
g- x lU 5 (OV) 1/ ^ •:rc-cm-1

I

k
I

i
1

t
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but to detentlttto 11 or K 
0 

separ.ltel y we require .111 .ttl.iitit ► ttal piece of

e\l4Ctmetl[at data	 Me wall a^;e of the t'o.'tni: rava .% ► ttld ht' ditch an

tntleltendent quallt i t v anti -itwor.11 vxpt• rtmt •ut.'t-. k6ar: i.1-Munoz et a1 1477h.

Wel ,her 4`1 al 1477. ILtgen tit .tl 1977. But t ington	 al 14M have rel ►t► rted

value:; for this quantity Imsed otl me. t ;urellle •tll:l of tilt- flux of radioaa't ive

1 11
He to tlic co:cnlie-niv heal.l. line mist tlol think. however. that the

osm ic - rav a%.c 1 rt , p% t rt ed 11  t lit , Kt • tilt heirs met y l ► t • . ppi it.l directl y to

our presotit l ► roi ►a Ztat ion model. As was pointed out by Pr ishchep and l a t u:;kin

W1 7 %) and G. tit 	 and I► tw4ktn (1`)78) tIttime ages wero der Wed from the

.1h-+t • rvat iollri Withill the hor, ' ' plow; or leaky box model of tilt` tmlaxy anl

the siame ol l servat(mis #.-.tit lead to qutte dittorent ages when itlterpceted by

a .lifft ► stt n or dif t t1 A ion-e0rlve: t it+ll 1110%te1.

To obtailt meaniiightl quatlt it ics to appl y to otlr nio'let we ilattit

retttrtl to .1 lnoro primitive' t• ollcopt with re'.41 1 evt to tilt` lU
lia` t'lta'atl" t`(netlta.

1'ht • concept ti t surviving fraction f is na ► t t'otnl ► ietel y Im"It•t llltlt ' l ► t`Il.letlt

s(nct• it retlllirer: a t'.ttt•u	
It,

1.1tioll of the t tIN of	 lit` th.it woult( t

%+Sel' yetl it it Were st.11 , It , :woliti s t Ctltittkl.'tivt • Jvea y .	 As we shot.' lit tilt-

App tnut i x	 the path len %'.th di-it rihllttoll fulictit`ll 1?; W11.1t is nt`t'.lt`t1 to

t't► 1S11 1 a1"t` ont` Mk I dt • i to anothel'	 Fit ti lit , 1- mort • , it two .lil ta`rvilt models

I► re.( L't tilt , :.un. ;lath lell l'jh distribution for stable t•;otol+e:: tht • N will

ltrt`.1t: t t lit' .:solo rat tor: of tIINNC stath le i:a ► t- . .•K.	 silict . tilt' lvakv I+o\

vio ' le: allt1 tilt` N't"Wilt nlodoI 1 ►,`th prod ie t .111 oxilotlelit tall pat It I"llt;t 11

.li::trihut loll we "mv takt` the :mirviving fra.'t ton f to tie a vuffic it-tit y

primitive twit loll that it n► iv be ust'ti withoti t nl, ► tiit it'at tots in either mttiol .

Al thoit k;ll tilt` v.lrious t' \1► et'tntetlit`Y>: WOW the Natltt'	 hro1i.1gat ion

model they tie not ll:lt` t'X.lt 't I 	 till` same caI.'lllat ton hro.'c-kiros. : ,pallatton

1
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cross sections, or solar modulation models to compute the non-decay flux

of 
10 

Beand hence the surviving fraction. Therefore, solely for the

sake of bringing the various experimental results into a common framework.

we shall compare the reported values of tte 
10 

Be / 9Be flux ratios to these

calculated by Raisbeck and Yiou (1977) for the case of no decay of the 
10 

Be.

These authors calculate a value of 0.6 for the no decay 
10 

Be/ 9 Be flux ratio

at 1 A.U. from the sun, virtually independent of energy.

The surviving fractions are then simply given by

f - ( 1UBe/ 9 Be) obs./0.6.

For propagation models that yield an exponential path length distribution,

as does our model, we have

1/tND 4a
f ^ L/ to 

+ -
v	

(17)

where t. is the mean path length neglecting decay of the particles,

4D is the mean path length including the effects of decay, and o is the

collision probability per unit path length.

Equation (9) may be easily modified to include the effects

of radioactive decay to obtain

11)	
20VpO a 

(F + 2(Y3 1)
] -1	 (18)

where

F r tanh 4-)
b+tank (Xb)

2

VD	 4K	
1/2

X +b = (1	
YT )0

and 
YT  

is the relativisticly dilated decay time of the 
10 

Be, To =

2.16 Myr.

ptt1G1N ^C ' ^^ , ^^ .1 C
OV p^ ^

(19)

I ^"
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Since we have previous k , chosen values for X, d.-ca/V. and V ►,tt,

Can inaert equation (18) tit 	 ion (17) and Solve the re skiltin.,

expre-i: ion for S arid hrnev K	 In table I we show tilt , various nitdt•1
tt

parantt,ters that c.itl he dettuced from tilt , rt,porte 10
d 	 Bt•/ He ration,	 It

is inrlt,dtately obviouw that the Comsic-ray lifetimes are Considerably

longer thall thoete deduced for the lt,ak y box nt.^dt,l, in some instances

aK much .ts two orde-x of magnitude longer. It iK equally obvious that

the prk'St'ltt experimental situ.1t ion doom not def itte these parameters; very'
1

sharply, the al lowed value~, inoludinz: errors, of some qua itt it it,s ran^tr

over fotir or ttlort • dt , ades.	 it appeartt that we mist .lwait it Considerable

"harpening of the experimental "I ttlat ion befort , wt, C.:n have hel it-vable

it; for the :e importatlt parameters	 At itresent the remult of mcc,cl

1	

and Janes (1977) lilatt ins: tilt , value of D*y ► kpC impo-;vs as firm a

Constraint ass any derived from observations of the flux of 
10 

He

^ . Galt• lesion

We have t:t't11 tlutt tilt vartation ti t cormit, -ray path Ivil^gtll

with energy m v be un.ict-st ►ta.i withit. tilt' ontt,xt of .t s;implt, ditfut:ittn-

Convect ion m o del with a dvnamical italact tC halo. A f it to the observations

of tilt- var tolls ntodoI paramett , rr: givos rattler d it' eCtIv .cal 01itfIOW velocity

►•f ... 8 knl stir' -I 	Ilds velocity, while quits, snkill, is, nevertlicless,

respons ibl e f or t ilt` turd over at low etlergv of the cosmic -ray pat h

length verstis energy .carve	 Tali. fit al;o gtvvs it value of D/K

-6	 -1	 1/2
1.4x10 svc-Cm	 for a rigidit y R = 1:^' where we .11,SItnle K I K :R0

1

r'
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FIGIIRF CAPTIONS

FI wit t• 1.	 t'IN'1t1:1I tt't . t t t flAttlt'1	 .'t	 t ',.%I WI It' C01111II% . ft1\' I t ll l l ►tl}• tlt it'll.

Ut1'11INl1t4 it 	 pat It 14 . 11 ., I I1 \'	 1 IgId II\'	 I 11'111 VN1'1011N chitI1ttlK

t'ttll{I t I I t•.1	 by	 Oril1t'rt	 :111.1 	 1 . 1 t • 1 t • 1'	 M' i t I1 t'lll \'t' t t t	 t • \I t l t •• :'t It'll

V	 llttl,	 tint' t4- v t	 1  t' t • xi, l an.lt i.'u tit ita t':nnttrt'N.	 1 1at.1 .itt

tlom:	 "I'V11 t'II . It'9'rl,	 1 1 1111'' • .	 t • I	 .II	 (I t► 771;	 ,t^l it1 t'i1t 1'••.•

.'.t 1 Awc l 1 (1077), crontles. Cal't • Ut Montt: t - t .1 1 . 1 1 `171.' ^ ; t voll

ttl.It1`lt,	 smItI1 t't	 a 	 ^It)	 1 ),	 titl11:11t`,	 .11;1Iu•:.ttll

t • It^:.t • tl tt'l.l:t`lt • , Wt • l^ht • t,	 It • :ui.tlt,	 .u1,1 Kl^,l1	 t.I t17I1;	 lu•Y:I^ttn,

till,Itlnt et .11. (ltt111.
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Appt •nd i x

i

I^

Colts ider it it..) int ill t ha' mat t t'r disk of t he ga ltaxy .	 Ilw .14•11141ty of

part is Irs of the i t " sprr tee t hat Itave travers ed between t alld (+xl ( gul/cm2

of ll1Al' 0l-. ttvglt • t• t illg collistotlt:. 1.4 gtvt'll by the' path I t • ngth distrihut ion

tuttcttoll l'iMd(.	 It tilt • pnrtictes are injected tit	 - ll with a t'nty-density

!^ i We sla y write tlttwu tilt , valet • of P i (11) provided tho source's: tare • all in

t tit , nit t t or it t sk .

t'Ival ly

pI(l1) - S 	 tiT
	

(AI)

where JT is the t h1w re •tluirrd for a particle to ttavrrs:r ti( of matter,

tl'r - (d^/ttt 1-1 dt - (v,1)-ltt

t lnls 1'	 11	 (v ,	
-1P t ( 0)	 tii	 L o)	 I t , In adtl it toll, t ht path lrrl. . t h tt i::t r (tnit ion

t ttllt't l.'ll i	 all t'x1 1 011t'11t 1.11	 t tlnt't lull .t::	 It 	 t It I , pt't i st , ut modt • I	 kiC	 iit t Ill' Ivaky

hox 111"'It'l	 (11, 1 11 Wt , IlIl1::t	 ll.lyt'

ti

V ►`,,

whore . 111 of tilt tle i 1 e^ndrnt e tilt the • tliffu: : ioll coeffic it-n1 , tlistan; v to the

1 1 0ltl1ditl' y . tlt • t'.t y t itltC 101* l:ltli0detivt`	 etc. 11111st I'v carrie'tt I , \. tilt•

nte • an p.lt It 1 t • 1t.,t h (. 1 .

It Wt' nt/w a ou;; i tle r t ht' e'f t octs elf Collision s wt • obse ,	that if Qt

is the	 Ilis:l,'n proh.lhili[y per unit path ltu g th tilt • prob.lhility that it

part It la • t:ltIk-11 11.1:: t tava'lyd it lt•ngtIt ( has not undergone a collision is

givrlt I'v vxp( -CT i ().	 : s ince• it ckOIi::it,lt will tran: ; nnitc a 1 1 .11t it' IV of s:pocit. s i

into out • It u1t1..' part tclt":: ,1t , t ditf01-011t : : prcie• :: tilt , actual patll lt•ligth

di::t v itlut ton tot' :.pvc iv s i part lc los i:: givvil by

1'i(() (net,{all - rxp(-t7 i 1) I` 1 (^)
	

(A3)
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tht` t • if et . t:	 .+l	 .[t,. l y	 N il	 .In.t	 t ►;110t[lt^;	 ,tt..IV N N11	 tltr	 ,Iittrt4 , 11,	 -	 trill ht	 rtltit•t•ly 

It 11t • 	 .t i t t t • t t ner	 { t1	 (	 alld	 Ilt • 11" t ,	 t tit' it t y t V l I ti	 t t ai t tOil

f 11/N t.^ND	
l l / lI1	 +	 +.1

i

t

t

1
1

t

1
i

1

:E

ti

^i

''	 i^	 I	 I	 I	 t	 ^



i j	

-.IOPW . .

TiI-J, jt

L,

ADDRESS

Frank C. Jones
	

I r.

Laboratory for High Energy Astrophysics
NASA/Goddard Space Flight Center
Code 660
Greenbelt, MD 20i71

i

^i

I



7
1

77'	
r 
I

I ,	
I

r0

I
%

Irwa V)
^
 
o

;r

0

—
J

C
^
 
oJ

U
 
a2

n
 w

u
IN

A
I, P

A
G

E
 I

O
F

I	
ItI

I



O J
1
i^

liil	
r'^
t

C0UC
O

C
^

C
^

WzW_U

W

f1r

^	
r
	
1
 

OO(
V

SNNI#

Q

r^

1

YO

:L
z
 /6

 H
1
^
N

3
,	

o
H 1 ed

O
R
I
G
I
N
A
L
 
P
A
(
 
I
"
,

O
F
 
P
O
O
R
 
O
U
A
I
'
l

r
,fi


